Introduction
The mitochondrial F0-F! ATPase is a mem brane-bound multi-subunit complex that is highly conserved not only in the lower and higher eu karyotes but even amongst counterparts in chloro plasts and bacterial membranes. It consists of mainly two components -a membrane-bound li pophilic F 0 component, attached to a hydrophilic F! component (that can be studied in vitro as A T Pase).
In vivo, the complex acts as a channel for the dissipation of the proton gradient, which is gener ated by movement of protons and electrons across the membrane through the electron transport chain, and it stores the energy released during the dissipation of the proton gradient as ATP. The ATP synthase has been studied in great detail in a number of organisms (Am zel and Pedersen, 1983) and even the X-ray crystallographic studies of the bovine ATPase were recently published (A b ra hams et al., 1994).
In plants, the study of the Fj ATPase has been hampered due to problems involved in its purifica tion and it is only in the last decade that Fj ATPReprint requests to Dr. Sane. One of the features of some plant mito chondrial ATPases has been the presence of an additional subunit ( 2 4 -2 6 kD a) that has been re ported to be homologous to the oligomycin sensi tivity conferring protein of animal ATPases (Horak et al., 1989 ). This subunit is not a charac teristic feature of all purified plant F ! ATPases. It is occasionally observed in some preparations such as pea (Horak and Packer, 1985) and turnip (Horak et al., 1990) but is reportedly absent from purified monocot plant F ! ATPases such as maize (Hack and Leaver, 1983; Spitsberg et al., 1985) , A rum maculatum (Dunn et al., 1985) and Avena sativa (Randall et al., 1985) . Our group has been interested in the study of F] ATPases from m ono cots to investigate the differences in their proper ties and more importantly to ascertain if monocot Fj ATPases as a group are 5 subunit enzyme com plexes without 6 ' subunit. Our studies indicate that like dicot F ! ATPases, plant monocot F t A T P ases such as those from wheat, pearlmillet as well 0939-5075/98/0500-0341 $ 06.00 © 1998 Verlag der Zeitschrift für Naturforschung. All rights reserved. 
Materials and Methods

Isolation o f F , ATPase
Seeds of wheat ( Triticum aestivum) and pearl millet ( Pennisetum vulgare), obtained from the lo cal market, were placed in trays over a sheet of wet cotton pad and sown in dark at 3 0 -3 2 °C. Mitochondria were isolated from 6 -8 day old etio lated seedlings as described previously ( The effect of various anions and inhibitors was studied by their addition to the reaction mixture just prior to addition of ATP.
All assays were performed with at least three independent preparations of ATPases.
Analysis on SD S-P A G E
Active fractions of the F t ATPases were dena tured and reduced with 50 mM dithiothreitol and analysed on a 16.5% denaturing SDS polyacryl amide gel in a continuous buffer system (Laemmli, 1970) . Bands were visualised by silver-staining as described by Sammons et al. (1981) . Estimation of protein was carried out by the method of P e terson (1977).
Results and Discussion
Purification o f the mitochondrial F I ATPases
Aliquots of the glycerol gradient fractions show ing peak activity (usually the 8th fraction from the bottom) were loaded on a 16.5% denaturing SDSpolyacrylamide gel for resolution of the Fj A T P ase subunits. A silver-stained profile of the Fi ATPase from wheat revealed a six subunit enzyme (Fig. 1) . Bands indicating an apparent molecular weight of 55 kDa (a+ ß ), 35 kDa (y), 26 kDa (6 ') and 22 kDa (6 ) could be clearly identified while the € subunit was barely detectable. The difficulty 
K inetic analyses
Lineweaver-Burk plots of the active fractions of wheat and pearlmillet F] ATPases revealed typical non-linear kinetics with Hill coefficients of 0 .6 5 ± 0 .0 4 and 0 .7 ± 0 .0 6 respectively (Fig. 2) . Spe cific activities of 1 2 ± 2 and 3 ± 0 .5 ^imol ATP/min x mg protein were obtained for the unstimulated enzymes of wheat and pearlmillet respectively, while the sulfite-stimulated enzymes showed spe cific activities of 20 and 6.3 |imol ATP/min x mg protein respectively.
E ffect o f anions a n d cations
Since mitochondrial F ! ATPases, in general, are known to exhibit variable sensitivity to several an ions especially oxyanions and divalent cations, a study of the effects of some ions on the F[ ATPase activities from wheat and pearlmillet was under taken.
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1.2 1.5 1.8 2.1 2.4 2.7 Fig. 2 . Hill plot of the wheat and pearlmillet F j ATPase for determination of Hill coefficients, v, velocity at a given ATP concentration, V' maximum velocity Assays were carried out by the coupled enzyme ATP regenerating assay as described in Materials and meth ods on a SLM Aminco DW2C spectrophotometer in a final volume of 0.5 ml. The above studies thus show that while there is a similarity in the kinetic properties of the cereal ATPases of wheat, pearlmillet, rice, sorghum and oat, the pearlmillet enzyme is quite different from the other four in terms of its sensitivity to bicar bonate and chloride. It was the only ATPase that was inhibited in response to bicarbonate and chlo ride.
Effects of sodium salts of different anions and chloride salts of different cations were tested on
Cation effects
The effects of three divalent cations viz. Mg2+, 
N u cleotide specificity
The ability of the Fj ATPases to hydrolyse nu cleoside triphosphates other than ATP was also tested. The results are shown in Table II . Both ATPases could use G TP and ITP as substrates. G TP was preferentially used over ATP, with the rate of G TP hydrolysis being almost two folds higher than that of the ATP hydrolysis. Although this is lower than that reported for maize (P ar tridge et al., 1985), it is much higher than those of oat (Randall et al., 1985) , sorghum (Sane et al., 1996a) and rice (Sane et al., 1996b) . Unlike ATP hydrolysis, the hydrolysis of G TP increased over a The present studies thus bring out the differ ences that exist in kinetic properties of even a highly conserved enzyme such as Fj ATPase not only amongst different plant species but even within the monocot species. It is interesting to note that the F } ATPases of wheat, rice and sorghum, inspite of belonging to different subfamilies, show a great deal of similarity in structure and kinetic properties whereas F] ATPases from maize, sor ghum and pearlmillet differ in structure and ki-netic properties inspite of belonging to the same subfamily. The differences in the anion activation especially bicarbonate (pearlmillet vs the rest), C a2+ ATPase activity (maize vs the rest) and the varying G TPase activities of the cereal ATPases are worthy of further investigations particularly in relation to amino acid sequences of a and ß subun its. This aspect is presently under study in our lab oratory.
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